Abstract: Breast cancer in the elderly is an increasing clinical problem. In addition, ~60% of deaths from breast cancer occur in women aged 65 years and older. Despite this, older women with breast cancer have been underrepresented in clinical trials, and this has led to less than optimal evidence to guide their therapy. The management of elderly women with early breast cancer is a complex process that requires careful evaluation of life expectancy, comorbidities, patient values, and risks and benefits of available treatment options. This review will focus on current adjuvant systemic therapy options for older women with breast cancer, discuss the principles in the decision-making process, and define the role of endocrine therapy, chemotherapy, and targeted agents.
Introduction
Breast cancer is a disease that increases in incidence with aging. In the US, the average age of diagnosis is at 61 years of age and 60% of breast cancer deaths occur in women aged 65 and older. 1 The US population is aging, and in 2030, the proportion of adults 65 years and older is projected to rise from 14% to 20% of the total US population. 2 Due to the aging of the population and the consistent observation that cancer incidence rises dramatically with age, it is anticipated that between 2010 and 2030, there will be a 67% increase in cancer incidence for the population aged 65 years and older. 3 Despite the increased incidence of breast cancer among older women, unfortunately, there is insufficient clinical trial data to guide treatment decisions. It is of particular concern that the available evidence suggests that older patients are less likely to receive standard therapies. 4, 5 Furthermore, elderly patients may be more likely to discontinue these treatments. 6 Underutilization of standard therapies coupled with their early discontinuation are likely the main reasons behind the lesser mortality benefits seen in older patients compared with their younger counterparts, 7 despite the generally favorable tumor biology in the older population. 8 The majority of older patients are diagnosed with early-stage breast cancer. This represents a unique opportunity where systemic therapies are considered in order to increase the chances of cure. 9 Because elderly patients often have other comorbidities, treatment decisions represent a difficult challenge that requires careful consideration of age heterogeneity, expected benefit from therapy, and estimated life expectancy. This review will focus on the key issues of current adjuvant systemic therapy options for older women with breast cancer, comment on the principles in the decision process, and define the role of specific options including endocrine therapy, chemotherapy, and targeted agents.
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Endocrine therapy
Most elderly patients with breast cancer will present with estrogen receptor-positive, progesterone receptor-positive, and human epidermal growth factor receptor 2 (HER2)-negative tumors at diagnosis. These patients are the best candidates for endocrine therapy as the mainstay adjuvant systemic therapy. This also applies to the subgroup of patients with substantial comorbidities and life expectancy of only several years. The efficacy of endocrine therapy has no correlation with age. 10 There are two main options for endocrine therapy: tamoxifen and aromatase inhibitors. In the BIG 1-98 (Breast International Group) trial, the aromatase inhibitor letrozole showed age-independent superior efficacy compared with tamoxifen, with improvements in local and distant control and overall survival (OS). 11 The ATAC (Arimidex, Tamoxifen, Alone or in Combination) trial showed similar findings in favor of anastrozole compared with tamoxifen, with fewer thrombotic and uterine cancer episodes, even after a median follow-up of 100 months. 12 Finally, the MA.17 trial showed that disease-free survival (DFS) and OS improved in all age groups with the use of letrozole after 5 years of tamoxifen compared with placebo after 5 years of tamoxifen. 13 Therefore, aromatase inhibitors are favored over tamoxifen due to their superior outcomes and more favorable adverse event profile in the elderly population, 14 in particular, by avoiding the feared risks of venous thromboembolism and uterine cancer that are associated with tamoxifen use. 15 Current data supports the use of aromatase inhibitors for at least 5 years. 16 Ongoing trials are evaluating the benefit of continuing therapy beyond 5 years.
Side effects of aromatase inhibitors include arthralgias and myalgias that can affect patient functioning and lead to discontinuation of therapy. 17 In the exploratory analysis of ATAC, 35.2% of women treated with anastrozole developed joint symptoms. 18 Development of osteoporosis and bone fractures has also been associated with the use of aromatase inhibitors. 19, 20 Elderly patients treated with aromatase inhibitors should be instructed to take daily calcium supplementation with vitamin D and advised to do regular exercise and physical activity. If patients develop osteoporosis while on therapy with aromatase inhibitors, treatment with bisphosphonates or denosumab should be initiated. 21 In contrast, tamoxifen has a protective effect against bone loss and fractures, which has been well documented in the older population. 22 The role of bisphosphonates and denosumab as adjuvant systemic therapy in early breast cancer has gained attention in recent years due to potential antitumor activity and improvements in bone health. A recent meta-analysis evaluated the use of adjuvant bisphosphonates and reported that among 11,767 postmenopausal women, the treatment resulted in significant reduction in bone recurrence and breast cancer mortality. 23 The ABCSG-18 trial randomized 3,425 postmenopausal, aromatase inhibitor-treated women with early breast cancer to denosumab or placebo. The study showed a significant reduction in the risk of clinical fractures in the denosumab group with acceptable toxicity. 24 These data support the use of bisphosphonates or denosumab in the adjuvant therapy of elderly women who are receiving aromatase inhibitors; however, certain factors should be considered prior to initiating this treatment, such as the risk of severe complications -osteonecrosis of the jaw and renal failure, cost of therapy, and life expectancy.
In patients with a short life expectancy in whom surgery may not be feasible, primary endocrine therapy can effectively control tumor growth for around 18-24 months. 25 Although time to onset of a response may take several months, 26 many women will benefit from continuous disease control throughout their life span. It is important to notice, though, that surgery is a very safe intervention in elderly women 27 and remains the standard of care in breast cancer for patients of any age, except in those who are not surgical candidates, have limited life expectancy, or do not want surgery. 28 In patients with very small tumors (≤5 mm) or those with multiple comorbidities, endocrine treatment could be spared. 9 Data from a population-based cohort study suggest that omitting adjuvant systemic therapy showed similar OS as compared to the general population for women aged 60-74 years with ≤10 mm, node-negative, hormone-sensitive, and grade 1 ductal carcinoma or grade 1 or 2 lobular carcinoma. 29 In addition to monitoring toxicities during treatment, it is crucial to evaluate compliance to therapy as nonadherence to adjuvant endocrine therapy is associated with increased mortality in breast cancer patients. 6 Counseling patients about the importance of treatment compliance should be done on a regular basis as nonadherence has been reported to occur in a high proportion of cases, with around half of the patients not finishing 5 years of treatment. 30, 31 Elderly patients are more likely to decline the recommended endocrine therapy, especially if they are treated by a nononcologist physician.
32
Chemotherapy
The first step in the evaluation of older women with breast cancer who are being evaluated for systemic chemotherapy is to estimate their life expectancy. This is a complex but important assessment that considers the patient's age, performance status, and comorbidities. Online models such as ePrognosis that consider medical as well as functional variables can be 
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Breast cancer in the elderly a useful resource to estimate life expectancy. Older patients are a highly heterogeneous group with regards to their health and functional status, and because of this, assessments of life expectancy based on chronological age alone are notoriously unreliable for making treatment decisions. In general, regardless of stage, patients with luminal A breast cancers with poor life expectancy should not be recommended chemotherapy. In contrast, for patients with >5 years of life expectancy or patients with triple-negative or HER2-positive breast cancer, chemotherapy may be an important component of their care.
After a careful evaluation of life expectancy, the main question is how much benefit would be obtained with the administration of chemotherapy. Online tools (Adjuvant! and PREDICT) can assist with the estimation of benefit of administration of systemic therapy. 33, 34 Both models have been validated and are similarly accurate for predicting treatment benefit. The PREDICT model can reliably assess the benefit of treatment in HER2-positive patients, whereas Adjuvant! takes comorbidities into consideration and is particularly helpful in patients with multiple comorbidities. Both models can be used to guide decisions on adjuvant chemotherapy; in most patients, chemotherapy should not be indicated if the predicted benefit in OS at 10 years is <3%, should be considered if improvement in OS is between 3% and 5%, and should be recommended if the benefit is >5%. In addition to these two models, multigene prognostic assays such as oncotype Dx and mammaprint, when used in the appropriate setting and patient population, can provide estimates on the predictive benefit of chemotherapy based on specific molecular and genetic features of a patient's tumor. 35, 36 Nonetheless, when using these tools in older patients, careful consideration should be given to individual patient's life expectancy and tumor biomarkers, as predicting risk of breast cancer recurrence or death at 10 years may not be helpful in two groups of patients: 1) those who have too many comorbidities who could die in a much shorter time from other diseases, and 2) those who are receiving adjuvant endocrine therapy who may experience breast cancer relapse at a much later time. 37 There are many options for chemotherapy regimens that can be used in older women with breast cancer. These include docetaxel plus cyclophosphamide, 38 fluorouracil plus epirubicin and cyclophosphamide, 39 adriamycin with cyclophosphamide (AC) followed by paclitaxel, 40 among others. Potential treatment-related toxicities are very important when choosing a particular chemotherapy regimen. Cyclophosphamide plus methotrexate and fluorouracil (CMF) can be considered in selected patients, particularly those with decreased cardiac function, and has shown to be superior to capecitabine in a large randomized clinical trial of elderly patients with earlystage breast cancer. 41 However, only 60% of patients were able to complete six cycles of oral-based CMF, whereas AC was generally well tolerated. 41 A potential strategy to decrease toxicity and obtain better compliance could be the administration of modified CMF. 42 Anthracycline-containing regimens have shown similar benefits independent of age. 43 However, rates of cardiac toxicity and therapy-related myelodysplasia or acute leukemia are higher in patients >65 years old. [44] [45] [46] For elderly patients in whom even mild neuropathy may lead to functional impairment, the use of regimens that do not contain taxanes might be preferred.
There are several clinical trials that evaluated the role of chemotherapy in older women with breast cancer. The French Adjuvant Study Group 08 trial evaluated fit women >65 years with node-positive early breast cancer. Patients were randomized to tamoxifen with or without weekly epirubicin; the multivariate analysis showed a significantly higher relative risk of relapse of 1.93 (95% confidence interval [CI]: 1.70-2.17) with tamoxifen compared with the combination (P=0.005). 47 The Cancer and Leukemia Group B 49907 trial was a noninferiority study that compared adjuvant AC or CMF against single-agent capecitabine in women aged 65 years or older with stage I to IIIB breast cancer. The hazard ratio for disease recurrence or death in the capecitabine group was 2.09 (95% CI: 1.38-3.17; P<0.001). In addition, the combination chemotherapy showed significantly improved DFS and OS. 41 A subsequent report on quality of life showed that capecitabine monotherapy had significantly better quality of life, role function, social function, fewer systemic adverse effects, less psychological distress, and less fatigue, compared to combination chemotherapy with AC or CMF. 48 However, all these differences resolved by 12 months, arguing that the short-term toxicity from the standard chemotherapy may be an acceptable trade-off for an enhanced survival advantage. 48 In the elderly Docetaxel Adjuvant trial, elderly women aged 65 years or older with node-positive or high-risk node-negative tumors were randomized to CMF or weekly docetaxel. The study showed no significant differences in DFS or OS for either group; however, docetaxel produced worse quality of life and adverse effects, in general. 49 Finally, a recent study randomized 400 women aged 65 years or older with high-risk early breast cancer to standard chemotherapy with either EC or CMF versus the experimental arm which consisted of six cycles of nab-paclitaxel and capecitabine. The study showed no differences in survival between the treatment groups; however, the experimental arm led to more treatment discontinuations and nonhematological toxicities. Although adjuvant systemic chemotherapy has clearly improved survival in older women, these patients should be closely monitored during therapy as they are more susceptible to toxicities. Because older patients have higher risk of developing neutropenia, primary prophylaxis with granulocyte colony-stimulating factor should be discussed and may be indicated before initiating chemotherapy, 51 especially in rural areas. Adjuvant chemotherapy in elderly patients can be associated with a risk of hospitalization. A population-based analysis has shown that frequently used chemotherapy regimens can lead to considerable rates of hospitalizations, particularly in patients >65 years. 52 However, only <1% of patients died due to complications from chemotherapy. The risk of hospitalization is an important factor to consider when recommending adjuvant chemotherapy, as hospitalization in elderly women is associated with significant decline in function and quality of life. 53 Certain tools, such as the Chemotherapy Risk Assessment Scale for High-Age Patient score, are helpful to predict the risk of toxicity from chemotherapy and assist in treatment selection. 54 Finally, it is very appropriate to discuss treatment goals and expectations of elderly patients when deciding between specific treatments. A study evaluating patients >60 years reported that 74.4% and 88.8% would prefer to die than experience severe treatment-related functional impairment or cognitive impairment, respectively. 55 In addition, the study reported that the number of participants who would choose treatment declined as the likelihood of an adverse outcome increased. 55 While young patients considering systemic therapy will primarily focus on advantages in DFS and OS, older patients give priority to remain functionally active and independent for as long as possible.
Trastuzumab
Previous studies suggested that HER2-positive breast cancer appears to be uncommon in older patients in comparison with their younger counterparts. 56, 57 However, this finding has not been validated. 58 Current data supports that, regardless of age, survival outcomes are worse in HER2-positive compared with HER2-negative tumors. 59 Despite this, recommending chemotherapy plus trastuzumab in elderly patients can be a difficult decision. These patients frequently have several comorbidities that increase the risk of toxicity and death. 60 Therefore, prior to the recommendation of chemotherapy with trastuzumab, a careful evaluation is strongly advised, particularly when one considers that cardiac toxicity is one of the most important adverse events from trastuzumab. 61 Several large randomized clinical trials have confirmed the efficacy of trastuzumab in the adjuvant therapy of HER2-positive breast cancer. [62] [63] [64] However, in these studies, older women have been inadequately represented. In the NSABP-B31, NCCTC-N9831, and HERA trials, only 16% of patients were 60 years or older. 62, 63 In addition, in other European trials, women over 65 years were excluded. 65, 66 In the joint analysis of NCCTC-N9831 and NSABP-B31 trials, women over 60 years for whom trastuzumab was added to their therapy, experienced improvement in OS with a hazard ratio of 0.41. 62 This benefit was similar to the one seen in the overall cohort. In contrast, the HERA trial reported no differences in elderly women between the trastuzumab and the observation groups (hazard ratio: 0.91; 95% CI: 0.59-1.41); however, this study was underpowered for this comparison and the sequential administration of trastuzumab as opposed to concurrent administration may have resulted in less efficacy. 63, 67, 68 Finally, the Breast Cancer International Research Group 006 study showed that the addition of trastuzumab to two different chemotherapy regimens led to a significant improvement in OS. 64 In this trial, the docetaxel plus carboplatin plus trastuzumab regimen showed similar efficacy for DFS and OS, compared with the standard anthracycline-trastuzumab regimen, but with lesser cardiac toxicity. 64 However, the study excluded patients >70 years, thereby limiting conclusions in this population.
Recently, a single-arm, Phase II study evaluated the combination of weekly paclitaxel with trastuzumab in 406 patients with small (<3 cm), node-negative, HER2-positive tumors. 69 In this trial, 34% of patients were aged 60 years or older. Despite the lack of a control arm, the study reported an impressive 3-year DFS rate of 98.7% with 0.5% incidence of symptomatic heart failure, making this combination particularly attractive to elderly patients.
With regards to cardiac safety, both NSABP-B31 and NCCTC-N9831 have shown higher risk of cardiac toxicity in the elderly. 70, 71 In particular, NSABP-B31 reported that the risk of congestive heart failure was 2.5 times higher in patients >60 years compared to their younger counterparts. 70 In line with these results, NCCTC-N9831 described that the risk for congestive heart failure was 3.5 times higher for this subgroup of patients. 71 The joint analysis of these two trials with longer follow-up confirmed these initial findings and showed a hazard ratio of 3.0 (P=0.0022) in patients over 50 years compared with those <50. 72 In contrast, HERA showed no differences in cardiac toxicity between age groups. 73 Based on the available data, incorporation of trastuzumab should be recommended in the adjuvant treatment of elderly 
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Breast cancer in the elderly women with HER2-positive breast cancer, particularly if patients have normal cardiac function, no history of cardiac diseases, and the treatment is deemed beneficial. One year of trastuzumab, preferably given in combination rather than in sequence with chemotherapy, represents the standard of care. 68, 74 A preferred alternative for certain patients could be the combination of trastuzumab with nonanthracycline chemotherapy, which is associated with less cardiac toxicity. 64 Another potential option, especially for patients with node-negative tumors who may not be good candidates for polychemotherapy, is the administration of weekly paclitaxel with trastuzumab, which is an effective and well-tolerated treatment. 69 After trastuzumab initiation, it is important to closely monitor for early symptoms and cardiac function, as most cardiac events related to trastuzumab are reversible. 75 Currently, there is insufficient literature available to comment on the use of adjuvant trastuzumab in combination with endocrine therapy or as monotherapy, which could be an important therapeutic strategy for selected older patients with HER2-positive disease due to its lower toxicity. RESPECT (N-SAS BC07), a Phase 3 randomized study evaluating the efficacy and safety of trastuzumab monotherapy compared with standard trastuzumab in combination with chemotherapy, is ongoing. 76 The study is enrolling women over 70 years with HER2-positive breast cancer and the results are eagerly awaited as they will be particularly helpful in the management of elderly patients.
Conclusion
The management of elderly women with breast cancer is highly complex. Unfortunately, limited data are available from clinical trials to guide practice, and therefore, randomized controlled trials in older women are urgently needed since breast cancer in older women will become an increasing problem in the years to come. Patients should be actively involved in the decision-making process of their therapy, as elderly patients may often favor goals of quality of life and independence. Nonetheless, standard adjuvant treatments should be offered to fit elderly patients irrespective of age, and physicians should inform their patients that undertreatment strongly decreases the prognosis of breast cancer. Therefore, the decisions about adjuvant therapy should be made in conjunction with the patient, to respect their preferences and discuss available options.
